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  
Abstract— The infrastructure requirement for setting up 
catfish farms include, a source of clean water, an avenue for 
discharging the waste water and reliable water containment 
systems. The challenges faced by the operators of these fish 
ponds include the need for regular feeding of the fish, 
monitoring of the water quality and the changing of the water 
when the quality becomes unhealthy for the fish. This work 
presents an Internet of Things based approach for automating 
the management of the farms and enabling remote monitoring 
and management of the ponds. The system comprise of a pond 
controller which uses appropriate sensors to monitor the water 
quality of the pond. A CCTV records the activities around the 
pond and stores them in a cloud location. The Pond controller 
manages the automatic feeding system of the fish and the water 
control system for the pond. The system is also designed with 
capacity for remote operation through a specially designed 
mobile application which accesses the CCTV files and also 
controls the operation of the pond controller. This system will 
enable the management of one or more fish ponds from one 
mobile device, it will reduce the costs associated with managing 
the fish farms and improve quality of their yield. 
 




ATFISH farming in Nigeria is becoming one of the 
most lucrative entrepreneurial activities due to the low 
technology, low cost deployment investment and the 3 
to 6 month harvesting cycles. The possibility of utilizing 
artificial plastic containers, concrete ponds or excavated 
ponds provides an opportunity for entrepreneurs to 
participate at different levels. While some focus on the 
production of fingerlings, other focus on the breeding of the 
fingerlings to market sizes and a lot of other focus on either 
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the sale of this fish or the smoking and selling of the fish to 
consumers. [1]The use of artificial ponds however 
introduces a number of challenges as the pond owners must 
monitor and manage the water quality, the changing of the 
water and the feeding and feeding cycles of the fish. These 
processes have very significant impact on the growth and 
wellbeing of the fish as the use of a contained water 
environment leads to the buildup of toxic chemicals such as 
ammonia [2]. Other pond water quality parameters are listed 
in [3]. Feeding or fertilization of the ponds also results in a 
reduction in the water quality as the amount of dissolved 
feeds and suspended fertilizers can also impact on the 
dissolved oxygen. When ponds are fertilized, nutrients 
stimulate the growth of microscopic plants in the water 
(phytoplankton). Phytoplankton is food for other organisms 
(zooplankton and larger animals) that are eaten by fish. 
Abundant growth of these microscopic plants gives water a 
turbid, greenish color (called a “bloom”) that can prevent 
light from reaching the pond bottom and reduce the growth 
of rooted aquatic weeds. Fish farmers and recreational farm 
pond owners fertilize ponds to increase fish production and 
prevent rooted aquatic weeds from becoming established.  
[4]. The impact of the suspended fertilizer and feeds often 
time results in the buildup of chemicals which results in 
death to the fish. The most common cause of major fish kills 
in ponds is low dissolved oxygen. Fish kills from infectious 
diseases, pesticides or chemical contamination are 
extremely rare in private ponds. Minor fish kills in the form 
of a few dead fish per day are usually due to water quality 
problems other than dissolved oxygen [5] [6] [7] [8]. The 
internet of things concept can be defined as a system of 
interrelated devices with unique identifiers capable of 
acquiring data, transmitting these data over a transmission 
media and also receiving control signals over the 
transmission media without requiring, human-to-human or 
human-to-computer interaction. The concept enables remote 
monitoring, autonomous operation and remote control of 
systems. [9][10][11][12]. 
 
Impact of Water Quality on Fish Growth 
The quality of water available to the fish is one of the 
most important factors in fish production. This is made 
more severe for fish kept in ponds or contained water 
environments as the fish are not able to move or relocate 
when the water quality becomes too poor. Water quality 
directly affects feed efficiency, growth rates and overall 
health status of the fish. A number of parameters can be 
used to measure the quality of the water available to the fish 
but the critical of these parameters include dissolved 
oxygen, un-ionized ammonia, carbon dioxide, nitrite and 
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 nitrate concentration, pH, turbidity and alkalinity levels 
[13].  
II. FISHPOND MANAGEMENT SYSTEM 
The fish pond management system is implemented using 
a pond controller which comprises of sensors for monitoring 
the water quality, a system for feeding the fish and a system 
for changing the pond water. The fish pond management 
system is also designed with a remote control capacity using 
a specially designed mobile application called the Pond 
Manager. From this mobile application, requests can be sent 
to the Pond Controller and the readings of the sensors will 
be sent back to the user. The pond also has an IP based 
Closed Circuit TV system which records the ponds 
whenever feeding or water change activities are taking place 
in the pond. The CCTV can also be activated by motion 
detectors to record the activities around the pond. The IP 
enabled CCTV camera is configured to upload the video 
files to a cloud storage and these files can be accessed on 
demand through the Pond Manager application of the 
Mobile device. The feeding and water change activities can 
also be initiated from the Pond Manager application on the 




Figure 1. IoT Enabled Fish Pond Management System 
 
III. SYSTEM DESIGN 
A. Water Management 
The water management comprise of a sensor system for 
monitoring the water quality and a system for changing the 
water in the pond. The sensor (Cleanliness sensor) monitors 
the cleanliness of the pond by transmitting a light pulse 
from a transmitter to a receiver. When the dissolved food 
particles exceeds a threshold where the light pulses can no 
longer get to the receiver, the sensor interprets this as a state 
of very poor water quality and this triggers the water change 
process. The block diagram of the Cleanliness Sensor (Cls) 
is shown in figure 2 
 
Figure 2: Cleanliness sensor (Cls) and installation 
B. Water Changing System 
The water changing system comprises of a system for 
managing the discharge of the pond water when it is due for 
changing either due to the amount of dirt in the pond water 
or due to high pH or temperature values. The system has an 
integrated level detection systems which enables the 
controller know when to start/ stop the discharge of the 
pond water and when to also start and stop the filling 
process. The system also incorporates an optional controller 
for the overhead water storage system on the farm and this 
system also monitors the overhead water tank level and 
pumps water into the overhead tank whenever it is below a 
preset low value.  The level monitoring system and the 
flowchart for controlling the discharge and refill systems are 
shown in Figure 3. 
 
Figure 3: Water level system 
 
The flowchart for managing the water change process is 
presented in figure 4. The pond controller monitors the 
values from all the sensors and whenever any of them 
presents a reading exceeding the preset threshold values, the 
discharge tap which is an electrically controlled tap (ET2) is 
opened to empty the pond. The level detector L2 (Lower 
Water level) monitors the level of discharge and when this 
value becomes zero, the pond controller closes the ET2 and 
opens the overhead Tap ET1 to fill up the pond. The fill up 
process continues until the upper level sensor of the pond 
gets to 5V (this indicates that the pond is full) and the ET1 
is closed. 
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 Figure 4: Water changing Flowchart 
 
From the water changing flowchart showing in Fig 4, the 
pond controller monitors the sensors of the ponds and 
compares the values with the preset threshold values of each 
of the sensors. When any of the sensor values exceeds the 
threshold value, this indicates an unhealthy condition for the 
fish and the water will have to be changed. The system 
sends an SMS message to the pond manager application 
informing him or her of the situation and then the system 
commences the changing of the pond water. If the sensors 
are below the threshold values, the pond controller executes 
a delay which is a period of rest for some minutes before 
reading the sensors again. After the water changing process 
is completed, the pond controller executes a longer delay 
process before repeating the reading of the sensors. The 
pond controller then sends another message to the pond 
owner informing him or her of the successful completion of 
the water changing activity.  
C. Feeding Sytem 
The feeding of the fish is a very critical aspect of their 
growth and it must be done frequently and in the right 
quantities. The pond controller utilizes an off-on cycle 
where the feed motor is activated for a specific period to 
dispense the feed stored in the container after which it is 
switched off for 6 hours and the cycle starts all over to 
maintain 4 feeding sessions in a 24hour time frame.  
The feeding rate and frequencies vary as the fish grows 
and this should be lowered as the fish grows so as to reduce 
the protein content of the fish feed intake. Different feed 
compositions can be used to implement a reduction in the 
protein quantity however rather than switching to a lower 
protein diet, feeding less allows the fish farmer or pond 
owner to use the same feed (protein level) throughout the 
grow-out period, thereby simplifying feed inventory and 
storage. Feeding fish is labor-intensive and expensive. 
Feeding frequency is dependent on labor availability, farm 
size, and the fish species and sizes grown. Large catfish 
farms with many ponds usually feed only once per day 
because of time and labor limitations, while smaller farms 
may feed twice per day. Generally, growth and feed 
conversion increase with feeding frequency. In indoor, 
intensive fish culture systems, fish may be fed as many as 5 
times per day in order to maximize growth at optimum 
temperatures. [14]  
A number of factors affect the feeding rates of the fish. 
These factors include time of day that the feeds are 
delivered, season, water temperature, dissolved oxygen 
levels, and other water quality variables. The feed 
management system is implemented by a feed delivery 
system which comprise of a screw system and a feed motor. 
The motor is controlled by the pond controller and as it 
revolves, the cork screw shaft delivers the feeds to the pond. 
This is process is repeated as often as is desired depending 
on the state and the growth level of the fish. With this 
system, the quantity and frequency of the fish can be 
controlled and programed with a high degree of accuracy.  
 
D. Pond Controller 
The Pond Controller comprise of a microcontroller 
interfaced to the Temp and pH sensor, the Electronic 
Controlled Taps ET1 and ET2, the Pond water level sensors 
L1 and L2, the cleanliness Sensor (Cls) and the fed motor. 
The pond controller also has a GSM integrated into it for 
communicating with the Pond manager. The block diagram 
of the pond controller is shown in Figure 5. 
 
Figure 5. Pond Controller 
 
E. Pond Manager Application 
A mobile application is a software application designed to 
run on mobile devices such as smartphones and tablet 
computers. A mobile application also commonly referred to 
as an app, is a type of application software designed to run 
on a mobile device, such as a smartphone or tablet 
computer. They provide users with similar services to those 
accessed on PCs. They are generally small, individual 
software units with limited function. As part of the 
development process, Mobile application development 
requires use of specialized integrated development 
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 environments. Mobile user interface (UI) design is also 
essential in the creation of mobile apps. Mobile UI 
considers constraints, contexts, screen, input, and mobility 
as outlines for design. The user is often the focus of 
interaction with their device, and the interface entails 
components of both hardware and software. User input 
allows for the users to manipulate a system, and device's 
output allows the system to indicate the effects of the users' 
manipulation. Mobile UI design's goal is for an 
understandable, user-friendly interface. The UI of mobile 
apps should: consider users' limited attention, minimize 
keystrokes, and be task-oriented with a minimum set of 
functions [15] [16]. The Pond Manager Application 
comprise of a mobile application designed to enable remote 
monitoring and control of the pond. The application sends 
SMS signals to the Pond Controller which comprise of the 
microcontroller and a GSM Modem. The control commands 
are embedded in SMS messages and sent by the Pond 
Manager application to the Pond controller. The GSM 
modem serves as the link between both systems as it enables 
the reception of the SMS message while the microcontroller 
decodes the messages and activates the appropriate actuator 
or Tap. The Pond Manager can also request for the sensor 
values to know the state of the pond water at any given 
time. The user or pond owner can initiate a change of the 
water by sending the change water command while the 
CCTV files can be viewed by logging onto the cloud storage 
site for the files of the CCTV recording. The CCTV can be 
configured to record continuously or can be configured to 
record on the detection of an intruder in the pond area. This 
will however require the integration of the appropriate 
motion detection sensors. The CCTV can also be configured 
to record whenever the feeding or water change activities 
are taking place. In view of the use of the GSM network 
infrastructure for the transmission of the control commands, 
the Pond Manager mobile application will have to be 
installed on SIM enabled mobile devices or GSM 
smartphones. The webpage for the Pond Manager 
application is shown in Figure 7 while the Pond Manager 
configuration is shown in figure 6. 
 
 Figure 6: Pond Manager Configuration 
 
                  






Figure 7: Pond Manager Application Page 
 
The user interface for the pond manager application has a 
provision for the name of the pond and it has several buttons 
used to initiate control activities at the pond. The buttons 
include: 
Feed: This button sends an SMS to the pond controller 
and it initiates the feeding sequence of the pond 
Request for Sensor Data: This button sends an SMS to the 
pond controller and it causes the pond controller to send a 
reply comprising of the sensor values from the pH, 
Temperature and the Cls sensors. The data are populated in 
the table shown on the user interface. 
View Pond: This button causes the mobile device to log 
on the cloud location where the video files from the CCTV 
are stored. The CCTV video files are displayed on the 
CCTV space on the user interface. 
Change water: This button activates the water changing 
process of the pond. 
Message: This is where SMS messages from the pond 
controller are displayed. 
IV. CONCLUSION 
The IoT Enabled Real time Fish Pond Management 
System presents an automated system for managing the 
operations of the fish pond. The use of the Pond Manager 
application creates an opportunity for the remote monitoring 
and management of the pond. This system can also be 
configured to manage several ponds from one mobile 
device. The energy consumption of the system is such that 
the pond and the Pond Controller can be powered from 
Solar panels thus making them energy efficient and making 
it possible for monitoring farms in remote locations. The 
CCTV files can also be transferred to the cloud storage 
through the data access portals available on the GSM 
networks. The system when deployed is capable of 
improving the yield from the fish ponds by providing 
accurate monitoring of the ponds and responding to in real-
time to all the changes which would otherwise have ben 
harmful to the fish. The system also provides a minimization 
of the OPEX costs associated with managing fish ponds 
especially multiple fish ponds by the use of the Pond 
Manager mobile application. This system presents a viable 
alternative by utilizing relevant technologies comprising of 
sensors, communication network and control devices to 
provide a real time monitoring of the fish pond thus 
enabling more profitable aquaculture business.  
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